
 
 

Appendix G3 
Air Quality - FSRU Startup Emissions 

G3-1 FSRU Startup Emission Summary Tables 
G3-2 FSRU Startup Emissions - Vessels 

 
 

 

AVAILABLE ON CD ONLY 

 



 

 

 
 



 
 
 
 

 
G3-1 

FSRU Startup Emission Summary Tables  
 
 
 
 
 
 
 



 



Index:  FSRU Startup Emission Summary Tables

Table No. Table Name

FSRU Startup Table 1 Uncontrolled Emissions Summary

FSRU Startup Table 2 Controlled Emissions Summary

FSRU Startup Table 3 HAPS Emissions Summary

FSRU Startup Table 4 Wartsila 9L50DF Uncontrolled Emissions Summary

FSRU Startup Table 5 Wartsila 9L50DF Controlled Emissions Summary

FSRU Startup Table 6 Firewater Pump Emissions Summary
 

FSRU Startup Table 7 Emergency Generator Emissions Summary

FSRU Startup Table 8 Freefall Lifeboat Emissions Summary



 



FSRU Startup Table 1:  Uncontrolled Emissions Summary

NOX ROC CO SO2 PM10 CO2
1.5 Wartsila 9L50DF Backup Generator 8250 KW CA Diesel 288.8    12.8   20.2     0.1     3.0     10,215    
2 Emergency Fire Pump / Generator 600 / 4200 KW CA Diesel 0.5        0.1     0.3       0.0     0.0     59           
1 Freefall Lifeboat 56 KW CA Diesel 0.0        0.0     0.0       0.0     0.0     0             

289.2    12.9 20.5   0.1   3.0   10,274  

NOX ROC CO SO2 PM10 CO2
1.5 Wartsila 9L50DF Backup Generator 8250 KW CA Diesel 401.1    17.8   28.1     0.2     4.2     14,187    
2 Emergency Fire Pump / Generator 600 / 4200 KW CA Diesel 59.3      8.5     37.0     0.1     2.1     7,408      
1 Freefall Lifeboat 56 KW CA Diesel 0.8        0.1     0.6       0.0     0.0     86           

461.1    26.4 65.8   0.2   6.4   21,681  

Device Notes:
FSRU startup commissioning period 60 days, 24 hrs/day, no SCR on 9L50DF generators (uncontrolled)
Two backup 9L50DF generators operating at 75% load for 1440 machine hours, diesel fuel, Wartsila specs
Emergency fire pump and generator operating at 100% load for 16 machine hours each, diesel fuel, 2006 Tier 2 standards
Three Life Boats exercising at 100% load for 8 machine hours total, diesel fuel, 2006 Tier 2 standards

Diesel Fuel Usage 1,050,723               

Emission Rates, lbs/hr

Total Emissions

Quantity Description Rating (each) Fuel

Total Emissions

Quantity 60-Day Emissions, tonsFuelRating (each)Description



FSRU Startup Table 2: Controlled Emissions Summary

NOX ROC CO SO2 PM10 CO2
1.5 Wartsila 9L50DF Backup Generator 8250 KW CA Diesel 41.8      5.8     4.2       0.1     3.1     10,215    
2 Emergency Fire Pump / Generator 600 / 4200 KW CA Diesel 0.5        0.1     0.3       0.0     0.0     59           
1 Freefall Lifeboat 56 KW CA Diesel 0.0        0.0     0.0       0.0     0.0     0             

42.3     5.9   4.5     0.1   3.1   10,274  

NOX ROC CO SO2 PM10 CO2
1.5 Wartsila 9L50DF Backup Generator 8250 KW CA Diesel 58.0      8.1     5.9       0.2     4.2     14,187    
2 Emergency Fire Pump / Generator 600 / 4200 KW CA Diesel 59.3      8.5     37.0     0.1     2.1     7,408      
1 Freefall Lifeboat 56 KW CA Diesel 0.8        0.1     0.6       0.0     0.0     86           

118.1    16.7 43.5   0.2   6.4   21,681  

Device Notes:
FSRU startup commissioning period 60 days, 24 hrs/day, SCR on 9L50DF generators (controlled)
Two backup 9L50DF generators operating at 75% load for 1440 machine hours, diesel fuel, Wartsila specs
Emergency fire pump and generator operating at 100% load for 16 machine hours each, diesel fuel, 2006 Tier 2 standards
Three Life Boats exercising at 100% load for 8 machine hours total, diesel fuel, 2006 Tier 2 standards

Diesel Fuel Usage 1,050,723               

Total Emissions

Quantity 60-Day Emissions, tonsFuelRating (each)Description

Emission Rates, lbs/hr

Total Emissions

Quantity Description Rating (each) Fuel



FSRU Startup Table 3:  HAPS Emissions Summary

Backup Gen Emergency Life Boat Total
lbs lbs lbs lbs

Acetaldehyde 3.6                 0.0                 0.0                 3.6                 
Acrolein 1.1                 0.0                 0.0                 1.1                 
Benzene 111.2             0.5                 0.0                 111.7             
Butadiene -1,3 5.6                 0.0                 0.0                 5.6                 
Ethyl Benzene -                 -                 -                 -                 
Formaldehyde 11.3               0.1                 0.0                 11.4               
Hexane -                 -                 -                 -                 
Naphthalene 18.6               0.1                 0.0                 18.7               
PAHs 11.8               0.1                 0.0                 11.8               
Propylene 399.8             1.9                 0.0                 401.7             
Toluene 40.3               0.2                 0.0                 40.5               
Xylenes 27.7               0.1                 0.0                 27.8               

634.0            

Backup Gen Emergency Life Boat Total
lbs lbs lbs lbs

Acetaldehyde 1.1                 0.0                 0.0                 1.1                 
Acrolein 0.3                 0.0                 0.0                 0.3                 
Benzene 72.3               0.5                 0.0                 72.8               
Butadiene -1,3 3.6                 0.0                 0.0                 3.7                 
Ethyl Benzene -                 -                 -                 -                 
Formaldehyde 3.4                 0.1                 0.0                 3.5                 
Hexane -                 -                 -                 -                 
Naphthalene 12.1               0.1                 0.0                 12.2               
PAHs 7.6                 0.1                 0.0                 7.7                 
Propylene 259.9             1.9                 0.0                 261.8             
Toluene 26.2               0.2                 0.0                 26.4               
Xylenes 18.0               0.1                 0.0                 18.1               

407.5            

Device Notes:
FSRU startup commissioning period 60 days, 24 hrs/day
Two backup 9L50DF generators operating at 75% load for 1440 machine hours, diesel fuel
Emergency fire pump and generator operating at 100% load for 16 machine hours each, diesel fuel, 2006 Tier 2 standards
Three Life Boats exercising at 100% load for 8 machine hours total, diesel fuel, 2006 Tier 2 standards

Facility Total HAPS

HAP EMITTENT NAME
Uncontrolled Emissions, lbs

Facility Total HAPS

HAP EMITTENT NAME
Controlled Emissions, lbs



FSRU Startup Table 4:  Wartsila 9L50DF Uncontrolled Emissions Summary
SIC 1321
PROCESS EQPT DESCRIPTION Dual Fuel ICE generator, Wartsila 50DF
FUEL TYPE/PROCESS INFO California diesel, 15 ppm S
TOTAL YEARLY PROCESS RATE 17820 MW-hrs
HOURLY PROCESS RATE 12.38 MW from BHP estimates
PROCESS UNITS PT071 MW-hrs
HIGHER HEATING VALUE 137030 BTU/gal USEPA AP-42
OPERATING SCHEDULE 1440 hrs/yr
HEAT RATE 8042 BTU/KW-hr Wartsila Spec 0047057-S504, 13 May 05
CONVERSION EFFICIENCY 42.4% percent
HEAT INPUT 99.52 mmBTU/hr
DRY Fd 9190 dscf/mmBTU USEPA Method 19
EXHAUST FLOW 3.24 mmdscf/hr

EMITTENT EMITTENT CORR CTL EF ACTUAL ACTUAL ACTUAL RATE RATE
NAME PPM FACTOR LBS/UNIT LBS/YR TONS/YR LBS/HR g/kw-hr g/bhp-hr
Nitrogen Oxides (as NO2) 1037 1.0000 32.4081 577,513         288.76 401.05 14.700           10.962           
Reactive Hydrocarbons (ROC) as CH4 132 1.0000 1.4352 25,576           12.79 17.76 0.651             0.485             
Carbon Monoxide (CO) 119 1.0000 2.2708 40,465           20.23 28.10 1.030             0.768             
Sulfur Dioxide (SO2) 0.3 1.0000 0.013 223                0.11 0.15 0.006             0.004             
Particulates (as PM10) (grains/dscf) 0.0091 1.0000 0.3395 6,050             3.03 4.20 0.154             0.115             
Carbon Dioxide (CO2) 3.83% 1.0000 1146.4098 20,429,022    10,215           14,187           520                388                
Ammonia Slip (NH3)

Wartsila Emission Factors (Uncontrolled)
NOX = 14.70 g/kw-hr (Wartsila  Report 10 May 2005)
VOC = 0.651 g/kw-hr (Wartsila  Report 10 May 2005)
CO = 1.03 g/kw-hr (Wartsila  Report 10 May 2005)
PM10 = 0.154 g/kw-hr (Wartsila  Report 10 May 2005)
CO2 = 520 g/kw-hr (Wartsila)

Diesel Fuel Usage 1,045,818      gal/yr

Page 1 of 2



FSRU Startup Table 4:  Wartsila 9L50DF Uncontrolled Emissions Summary

HAP UNCTL EF CORR CTL EF ACTUAL ACTUAL ACTUAL
NAME lb/mmBTU FACTOR LBS/UNIT LBS/YR TONS/YR LBS/HR
Acetaldehyde 2.52E-05 1.00 2.03E-04 3.61               0.002 0.003
Acrolein 7.88E-06 1.00 6.34E-05 1.13               0.001 0.001
Benzene 7.76E-04 1.00 6.24E-03 111.21           0.056 0.077
Butadiene -1,3 3.91E-05 1.00 3.14E-04 5.60               0.003 0.004
Ethyl Benzene 1.00 0.00E+00 -                 0.000 0.000
Formaldehyde 7.89E-05 1.00 6.35E-04 11.31             0.006 0.008
Hexane 1.00 0.00E+00 -                 0.000 0.000
Naphthalene 1.30E-04 1.00 1.05E-03 18.63             0.009 0.013
PAHs 8.20E-05 1.00 6.59E-04 11.75             0.006 0.008
Propylene 2.79E-03 1.00 2.24E-02 399.83           0.200 0.278
Toluene 2.81E-04 1.00 2.26E-03 40.27             0.020 0.028
Xylenes 1.93E-04 1.00 1.55E-03 27.66             0.014 0.019

HAP Emission Factors: AP-42 Table 3.4-3 , -4
 (1,3 Butadiene AP-42 Table 3.3-2)

Page 2 of 2



FSRU Startup Table 5:  9L50DF Controlled Emissions Summary
SIC 1321
PROCESS EQPT DESCRIPTION Dual Fuel ICE generator, Wartsila 50DF
FUEL TYPE/PROCESS INFO California diesel, 15 ppm S
TOTAL YEARLY PROCESS RATE 17820 MW-hrs
HOURLY PROCESS RATE 12.38 MW from BHP estimates
PROCESS UNITS PT071 MW-hrs
HIGHER HEATING VALUE 137030 BTU/gal USEPA AP-42
OPERATING SCHEDULE 1440 hrs/yr
HEAT RATE 8042 BTU/KW-hr Wartsila Spec 0047057-S504, 13 May 05
CONVERSION EFFICIENCY 42.4% percent
HEAT INPUT 99.52 mmBTU/hr
DRY Fd 9190 dscf/mmBTU USEPA Method 19
EXHAUST FLOW 3.24 mmdscf/hr

EMITTENT EMITTENT CORR CTL EF ACTUAL ACTUAL ACTUAL RATE RATE
NAME PPM FACTOR LBS/UNIT LBS/YR TONS/YR LBS/HR g/kw-hr g/bhp-hr
Nitrogen Oxides (as NO2) 150 1.0000 4.6884 83,547           41.77 58.02 2.127             1.586             
Reactive Hydrocarbons (ROC) as CH4 60 1.0000 0.6523 11,624           5.81 8.07 0.296             0.221             
Carbon Monoxide (CO) 25 1.0000 0.4756 8,476             4.24 5.89 0.216             0.161             
Sulfur Dioxide (SO2) 0.29 1.0000 0.013 223                0.11 0.15 0.006             0.004             
Particulates (as PM10) (grains/dscf) 0.0092 1.0000 0.3432 6,116             3.06 4.25 0.156             0.116             
Carbon Dioxide (CO2) 3.83% 1.0000 1146.4098 20,429,022    10,215           14,187           520                388                
Ammonia Slip (NH3) 10 1.0000 0.1155 2,058             1.03 1.43 0.052             0.039             

Wartsila Emission Factors (Controlled)
NOX = 150 ppm, 2.127 g/kw-hr (Wartsila Spec 0047057-S504, 13 May 05)
VOC = 60 ppm, 0.296 g/kw-hr (Wartsila Spec 0047057-S504, 13 May 05)
CO = 25 ppm, 0.216 g/kw-hr (Wartsila  Spec Spec 0047057-S504, 13 May 05)
PM10 = 21 mg/m3, 0.156 g/kw-hr (Wartsila  Spec 0047057-S504, 13 May 05)
CO2 = 520 g/kw-hr (Wartsila)

Backup Diesel Fuel Usage 1,045,818      gal/yr

Page 1 of 2



FSRU Startup Table 5:  9L50DF Controlled Emissions Summary

HAP UNCTL EF CORR CTL EF ACTUAL ACTUAL ACTUAL
NAME lb/mmBTU FACTOR LBS/UNIT LBS/YR TONS/YR LBS/HR
Acetaldehyde 2.52E-05 0.30 6.08E-05 1.08               0.001 0.001
Acrolein 7.88E-06 0.30 1.90E-05 0.34               0.000 0.000
Benzene 7.76E-04 0.65 4.06E-03 72.28             0.036 0.050
Butadiene -1,3 3.91E-05 0.65 2.04E-04 3.64               0.002 0.003
Ethyl Benzene 0.65 0.00E+00 -                 0.000 0.000
Formaldehyde 7.89E-05 0.30 1.90E-04 3.39               0.002 0.002
Hexane 0.65 0.00E+00 -                 0.000 0.000
Naphthalene 1.30E-04 0.65 6.80E-04 12.11             0.006 0.008
PAHs 8.20E-05 0.65 4.29E-04 7.64               0.004 0.005
Propylene 2.79E-03 0.65 1.46E-02 259.89           0.130 0.180
Toluene 2.81E-04 0.65 1.47E-03 26.18             0.013 0.018
Xylenes 1.93E-04 0.65 1.01E-03 17.98             0.009 0.012

HAP Emission Factors: AP-42 Table 3.4-3 , -4
 (1,3 Butadiene AP-42 Table 3.3-2)
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FSRU Startup Table 6: Firewater Pump Emissions Summary
SIC 1321
PROCESS EQPT DESCRIPTION Firewater Pump, 600 KW
FUEL TYPE/PROCESS INFO California diesel, 15 ppm S
TOTAL YEARLY PROCESS RATE 10 MW-hrs
HOURLY PROCESS RATE 0.60 MW from BHP estimates
PROCESS UNITS PT071 MW-hrs
HIGHER HEATING VALUE 137030 BTU/gal USEPA AP-42
OPERATING SCHEDULE 16 hrs/yr
HEAT RATE 9751 BTU/KW-hr
CONVERSION EFFICIENCY 35.0% percent
HEAT INPUT 5.85 mmBTU/hr
DRY Fd 9190 dscf/mmBTU USEPA Method 19
EXHAUST FLOW 0.19 mmdscf/hr

EMITTENT EMITTENT CORR CTL EF ACTUAL ACTUAL ACTUAL RATE* RATE
NAME PPM FACTOR LBS/UNIT LBS/YR TONS/YR LBS/HR g/kw-hr g/bhp-hr
Nitrogen Oxides (as NO2) 326 1.0000 12.3460 119                0.06 7.41 5.600             4.176             
Reactive Hydrocarbons (ROC) as CH4 134 1.0000 1.7637 17                  0.01 1.06 0.800             0.597             
Carbon Monoxide (CO) 334 1.0000 7.7162 74                  0.04 4.63 3.500             2.610             
Sulfur Dioxide (SO2) 0.3 1.0000 0.015 0                    0.00 0.01 0.007             0.005             
Particulates (as PM10) (grains/dscf) 0.0097 1.0000 0.4409 4                    0.00 0.26 0.200             0.149             
Carbon Dioxide (CO2) 4.26% 1.0000 1543.2439 14,815           7                    926                700                522                
Ammonia Slip (NH3)

* USEPA Tier 2 Standards (>560 kw)
NOX + ROC = 6.4 g/kw-hr
CO = 3.5 g/kw-hr
PM10 = 0.2 g/kw-hr
CO2 = 700 g/kw-hr (AP-42, Table 3.3-1)

Diesel Fuel Usage 683                gal/yr

Page 1 of 2



FSRU Startup Table 6: Firewater Pump Emissions Summary

HAP UNCTL EF CORR CTL EF ACTUAL ACTUAL ACTUAL
NAME lb/mmBTU FACTOR LBS/UNIT LBS/YR TONS/YR LBS/HR
Acetaldehyde 2.52E-05 1.00 2.46E-04 0.0                 0.000 0.000
Acrolein 7.88E-06 1.00 7.68E-05 0.0                 0.000 0.000
Benzene 7.76E-04 1.00 7.57E-03 0.1                 0.000 0.005
Butadiene -1,3 3.91E-05 1.00 3.81E-04 0.0                 0.000 0.000
Ethyl Benzene 1.00 0.00E+00 -                 0.000 0.000
Formaldehyde 7.89E-05 1.00 7.69E-04 0.0                 0.000 0.000
Hexane 1.00 0.00E+00 -                 0.000 0.000
Naphthalene 1.30E-04 1.00 1.27E-03 0.0                 0.000 0.001
PAHs 8.20E-05 1.00 8.00E-04 0.0                 0.000 0.000
Propylene 2.79E-03 1.00 2.72E-02 0.3                 0.000 0.016
Toluene 2.81E-04 1.00 2.74E-03 0.0                 0.000 0.002
Xylenes 1.93E-04 1.00 1.88E-03 0.0                 0.000 0.001

HAP Emission Factors: AP-42 Table 3.4-3 , -4
 (1,3 Butadiene AP-42 Table 3.3-2)
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FSRU Startup Table 7:  Emergency Generator Emissions Summary
SIC 1321
PROCESS EQPT DESCRIPTION Emergency Generator, 4200 KW
FUEL TYPE/PROCESS INFO California diesel, 15 ppm S
TOTAL YEARLY PROCESS RATE 67 MW-hrs
HOURLY PROCESS RATE 4.20 MW from BHP estimates
PROCESS UNITS PT071 MW-hrs
HIGHER HEATING VALUE 137030 BTU/gal USEPA AP-42
OPERATING SCHEDULE 16 hrs/yr
HEAT RATE 8533 BTU/KW-hr
CONVERSION EFFICIENCY 40.0% percent
HEAT INPUT 35.84 mmBTU/hr
DRY Fd 9190 dscf/mmBTU USEPA Method 19
EXHAUST FLOW 1.17 mmdscf/hr

EMITTENT EMITTENT CORR CTL EF ACTUAL ACTUAL ACTUAL RATE* RATE
NAME PPM FACTOR LBS/UNIT LBS/YR TONS/YR LBS/HR g/kw-hr g/bhp-hr
Nitrogen Oxides (as NO2) 372 1.0000 12.3460 830                0.41 51.85 5.600             4.176             
Reactive Hydrocarbons (ROC) as CH4 153 1.0000 1.7637 119                0.06 7.41 0.800             0.597             
Carbon Monoxide (CO) 382 1.0000 7.7162 519                0.26 32.41 3.500             2.610             
Sulfur Dioxide (SO2) 0.3 1.0000 0.013 1                    0.000 0.056 0.006             0.004             
Particulates (as PM10) (grains/dscf) 0.0111 1.0000 0.4409 30                  0.01 1.85 0.200             0.149             
Carbon Dioxide (CO2) 4.87% 1.0000 1543.2439 103,706         52                  6,482             700                522                
Ammonia Slip (NH3)

* USEPA Tier 2 Standards (>560 kw)
NOX + ROC = 6.4 g/kw-hr
CO = 3.5 g/kw-hr
PM10 = 0.2 g/kw-hr
CO2 = 700 g/kw-hr (AP-42, Table 3.3-1)

Diesel Fuel Usage 4,184             gal/yr

Page 1 of 2



FSRU Startup Table 7:  Emergency Generator Emissions Summary

HAP UNCTL EF CORR CTL EF ACTUAL ACTUAL ACTUAL
NAME lb/mmBTU FACTOR LBS/UNIT LBS/YR TONS/YR LBS/HR
Acetaldehyde 2.52E-05 1.00 2.15E-04 0.0                 0.000 0.001
Acrolein 7.88E-06 1.00 6.72E-05 0.0                 0.000 0.000
Benzene 7.76E-04 1.00 6.62E-03 0.4                 0.000 0.028
Butadiene -1,3 3.91E-05 1.00 3.34E-04 0.0                 0.000 0.001
Ethyl Benzene 1.00 0.00E+00 -                 0.000 0.000
Formaldehyde 7.89E-05 1.00 6.73E-04 0.0                 0.000 0.003
Hexane 1.00 0.00E+00 -                 0.000 0.000
Naphthalene 1.30E-04 1.00 1.11E-03 0.1                 0.000 0.005
PAHs 8.20E-05 1.00 7.00E-04 0.0                 0.000 0.003
Propylene 2.79E-03 1.00 2.38E-02 1.6                 0.001 0.100
Toluene 2.81E-04 1.00 2.40E-03 0.2                 0.000 0.010
Xylenes 1.93E-04 1.00 1.65E-03 0.1                 0.000 0.007

HAP Emission Factors: AP-42 Table 3.4-3 , -4
 (1,3 Butadiene AP-42 Table 3.3-2)
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FSRU Startup Table 8:  Freefall Lifeboat Emissions Summary
SIC 1321
PROCESS EQPT DESCRIPTION Freefall Lifeboat Engine, 75 BHP (56 KW)
FUEL TYPE/PROCESS INFO California diesel, 15 ppm S
TOTAL YEARLY PROCESS RATE 0.4 MW-hrs
HOURLY PROCESS RATE 0.056 MW from BHP estimates
PROCESS UNITS PT071 MW-hrs
HIGHER HEATING VALUE 137030 BTU/gal USEPA AP-42
OPERATING SCHEDULE 8 hrs/yr
HEAT RATE 11377 BTU/KW-hr
CONVERSION EFFICIENCY 30.0% percent
HEAT INPUT 0.64 mmBTU/hr
DRY Fd 9190 dscf/mmBTU USEPA Method 19
EXHAUST FLOW 0.02 mmdscf/hr

EMITTENT EMITTENT CORR CTL EF ACTUAL ACTUAL ACTUAL RATE* RATE
NAME PPM FACTOR LBS/UNIT LBS/YR TONS/YR LBS/HR g/kw-hr g/bhp-hr
Nitrogen Oxides (as NO2) 324 1.0000 14.3301 6                    0.00 0.80 6.500             4.847             
Reactive Hydrocarbons (ROC) as CH4 143 1.0000 2.2046 1                    0.00 0.12 1.000             0.746             
Carbon Monoxide (CO) 410 1.0000 11.0232 5                    0.00 0.62 5.000             3.729             
Sulfur Dioxide (SO2) 0.3 1.0000 0.018 0                    0.00 0.00 0.008             0.006             
Particulates (as PM10) (grains/dscf) 0.0167 1.0000 0.8819 0                    0.00 0.05 0.400             0.298             
Carbon Dioxide (CO2) 3.65% 1.0000 1543.2439 691                0                    86                  700                522                

* USEPA Tier 2 Standards (>37 kw, <75 kw)
NOX + ROC = 7.5 g/kw-hr
CO = 5.0 g/kw-hr
PM10 = 0.4 g/kw-hr
CO2 = 700 g/kw-hr (AP-42, Table 3.3-1)

Diesel Fuel Usage 37                  gal/yr

Page 1 of 2



FSRU Startup Table 8:  Freefall Lifeboat Emissions Summary

HAP UNCTL EF CORR CTL EF ACTUAL ACTUAL ACTUAL
NAME lb/mmBTU FACTOR LBS/UNIT LBS/YR TONS/YR LBS/HR
Acetaldehyde 7.67E-04 1.00 8.73E-03 0.0                 0.000 0.000
Acrolein 9.25E-05 1.00 1.05E-03 0.0                 0.000 0.000
Benzene 9.33E-04 1.00 1.06E-02 0.0                 0.000 0.001
Butadiene -1,3 3.91E-05 1.00 4.45E-04 0.0                 0.000 0.000
Ethyl Benzene 1.00 0.00E+00 -                 0.000 0.000
Formaldehyde 1.18E-03 1.00 1.34E-02 0.0                 0.000 0.001
Hexane 1.00 0.00E+00 -                 0.000 0.000
Naphthalene 8.48E-05 1.00 9.65E-04 0.0                 0.000 0.000
PAHs 8.32E-05 1.00 9.47E-04 0.0                 0.000 0.000
Propylene 2.58E-03 1.00 2.94E-02 0.0                 0.000 0.002
Toluene 4.09E-04 1.00 4.65E-03 0.0                 0.000 0.000
Xylenes 2.85E-04 1.00 3.24E-03 0.0                 0.000 0.000

HAP Emission Factors: AP-42 Table 3.3-2
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FSRU Emission Factors

Wartsila 9L50DF Main Generators (3) Factor Units Conc. Units Emission Factor Reference Fuel
Nitrogen Oxides (as NO2) 0.081 g/bhp-hr 9 ppmv @ 15% O2 BACT, Wartsila Spec 0047057-S504, 13 May 05
Reactive Hydrocarbons (ROC) as CH4 0.126 g/bhp-hr 40 ppmv @ 15% O2 BACT, Wartsila Spec 0047057-S504, 13 May 05
Carbon Monoxide (CO) 0.110 g/bhp-hr 20 ppmv @ 15% O2 BACT, Wartsila Spec 0047057-S504, 13 May 05
Sulfur Dioxide (SO2) 0.0004 g/bhp-hr 0.03 ppmv @ 15% O2 Scarborough LNG / CA diesel specifications
Particulates (as PM10) 0.04718 g/bhp-hr 0.0044 grains/dscf BACT, Wartsila Spec 0047057-S504, 13 May 05
Carbon Dioxide (CO2) 331 g/bhp-hr 3.8% percent volume Wartsila Report 4 July 2003
Ammonia Slip (NH3) 0.033 g/bhp-hr 10 ppmv @ 15% O2 BACT, VCAPCD (permit engineering, 2003)

Wartsila 9L50DF Backup Generator (1) Factor Units Conc. Units Emission Factor Reference Fuel
Nitrogen Oxides (as NO2) 1.59 g/bhp-hr 150 ppmv @ 15% O2 BACT, Wartsila Spec 0047057-S504, 13 May 05
Reactive Hydrocarbons (ROC) as CH4 0.22 g/bhp-hr 60 ppmv @ 15% O2 BACT, Wartsila Spec 0047057-S504, 13 May 05
Carbon Monoxide (CO) 0.16 g/bhp-hr 25 ppmv @ 15% O2 BACT, Wartsila Spec 0047057-S504, 13 May 05
Sulfur Dioxide (SO2) 0.0042 g/bhp-hr 0.29 ppmv @ 15% O2 CA diesel, 15 ppm S
Particulates (as PM10) 0.116 g/bhp-hr 0.0092 grains/dscf BACT, Wartsila Spec 0047057-S504, 13 May 05
Carbon Dioxide (CO2) 388 g/bhp-hr 3.8% percent volume Wartsila specification 50DF, diesel

Firewater Pump (3) Factor Units Conc. Units Emission Factor Reference Fuel
Nitrogen Oxides (as NO2) 4.18 g/bhp-hr 326 ppmv @ 15% O2 USEPA Tier 2 Standards (>560 kw)
Reactive Hydrocarbons (ROC) as CH4 0.60 g/bhp-hr 134 ppmv @ 15% O2 USEPA Tier 2 Standards (>560 kw)
Carbon Monoxide (CO) 2.61 g/bhp-hr 334 ppmv @ 15% O2 USEPA Tier 2 Standards (>560 kw)
Sulfur Dioxide (SO2) 0.0051 g/bhp-hr 0.29 ppmv @ 15% O2 CA diesel, 15 ppm S
Particulates (as PM10) 0.149 g/bhp-hr 0.0097 grains/dscf USEPA Tier 2 Standards (>560 kw)
Carbon Dioxide (CO2) 522 g/bhp-hr 4.3% percent volume USEPA AP-42, Table 3.3-1

99% gasified LNG / 
1% CA diesel (by 
weight), 47.1% 
efficiency

CA diesel, 15 ppm S, 
42.4% efficiency

CA diesel, 15 ppm S, 
35% efficiency



FSRU Emission Factors

Emergency Generator (1) Factor Units Conc. Units Emission Factor Reference Fuel
Nitrogen Oxides (as NO2) 4.18 g/bhp-hr 372 ppmv @ 15% O2 USEPA Tier 2 Standards (>560 kw)
Reactive Hydrocarbons (ROC) as CH4 0.60 g/bhp-hr 153 ppmv @ 15% O2 USEPA Tier 2 Standards (>560 kw)
Carbon Monoxide (CO) 2.61 g/bhp-hr 382 ppmv @ 15% O2 USEPA Tier 2 Standards (>560 kw)
Sulfur Dioxide (SO2) 0.0045 g/bhp-hr 0.29 ppmv @ 15% O2 CA diesel, 15 ppm S
Particulates (as PM10) 0.149 g/bhp-hr 0.0111 grains/dscf USEPA Tier 2 Standards (>560 kw)
Carbon Dioxide (CO2) 522 g/bhp-hr 4.9% percent volume USEPA AP-42, Table 3.3-1

Freefall Lifeboats (3) Factor Units Conc. Units Emission Factor Reference Fuel
Nitrogen Oxides (as NO2) 4.85 g/bhp-hr 324 ppmv @ 15% O2 USEPA Tier 2 Standards (>37 kw, <75 kw)
Reactive Hydrocarbons (ROC) as CH4 0.75 g/bhp-hr 143 ppmv @ 15% O2 USEPA Tier 2 Standards (>37 kw, <75 kw)
Carbon Monoxide (CO) 3.73 g/bhp-hr 410 ppmv @ 15% O2 USEPA Tier 2 Standards (>37 kw, <75 kw)
Sulfur Dioxide (SO2) 0.0060 g/bhp-hr 0.29 ppmv @ 15% O2 CA diesel, 15 ppm S
Particulates (as PM10) 0.298 g/bhp-hr 0.0167 grains/dscf USEPA Tier 2 Standards (>37 kw, <75 kw)
Carbon Dioxide (CO2) 522 g/bhp-hr 3.6% percent volume USEPA AP-42, Table 3.3-1

Selas Sub-X Low Emission SCVs (8) Factor Units Conc. Units Emission Factor Reference Fuel
Nitrogen Oxides (as NO2) 0.0243 lb/mmbtu 20 ppmv @ 3% O2 Selas Specification, Sub-XLE, 120-180 t/hr
Reactive Hydrocarbons (ROC) as CH4 0.0017 lb/mmbtu 4.1       ppmv @ 3% O2 Costain 2003  
Carbon Monoxide (CO) 0.0739 lb/mmbtu 100 ppmv @ 3% O2 Selas Specification, Sub-XLE, 120-180 t/hr
Sulfur Dioxide (SO2) 0.0002 lb/mmbtu 0.10 ppmv @ 3% O2 Scarborough LNG specification, 1 ppm S
Particulates (as PM10) 0.0019 lb/mmbtu 0.0013 grains/dscf USEPA AP-42, Table 1.4-2, non-condensible
Carbon Dioxide (CO2) 106.8 lb/mmbtu 9.2% percent volume Selas Specification, Sub-XLE, 120-180 t/hr

CA diesel, 15 ppm S, 
30% efficiency

100% gasified LNG

CA diesel, 15 ppm S, 
40% efficiency



Operating Vessels Emission Factors

LNG Carriers Factor Units Conc. Units Emission Factor Reference Fuel
Nitrogen Oxides (as NO2) 2.79 g/bhp-hr 230 ppmv @ 15% O2 USEPA AP-42, Table 3.2-2
Reactive Hydrocarbons (ROC) as CH4 0.39 g/bhp-hr 92 ppmv @ 15% O2 USEPA AP-42, Table 3.2-2
Carbon Monoxide (CO) 1.84 g/bhp-hr 248 ppmv @ 15% O2 USEPA AP-42, Table 3.2-2
Sulfur Dioxide (SO2) 0.0006 g/bhp-hr 0.03 ppmv @ 15% O2 Scarborough LNG / CA diesel specifications
Particulates (as PM10) 0.035 g/bhp-hr 0.0024 grains/dscf USEPA AP-42, Table 3.2-2
Carbon Dioxide (CO2) 363 g/bhp-hr 3.1% percent volume USEPA AP-42, Table 3.2-2

Tug Supply Boats (2) Factor Units Conc. Units Emission Factor Reference Fuel
Nitrogen Oxides (as NO2) 2.79 g/bhp-hr 230 ppmv @ 15% O2 USEPA AP-42, Table 3.2-2
Reactive Hydrocarbons (ROC) as CH4 0.39 g/bhp-hr 92 ppmv @ 15% O2 USEPA AP-42, Table 3.2-2
Carbon Monoxide (CO) 1.84 g/bhp-hr 248 ppmv @ 15% O2 USEPA AP-42, Table 3.2-2
Sulfur Dioxide (SO2) 0.0006 g/bhp-hr 0.03 ppmv @ 15% O2 Scarborough LNG / CA diesel specifications
Particulates (as PM10) 0.035 g/bhp-hr 0.0024 grains/dscf USEPA AP-42, Table 3.2-2
Carbon Dioxide (CO2) 363 g/bhp-hr 3.1% percent volume USEPA AP-42, Table 3.2-2

Crew Boat (1) Factor Units Conc. Units Emission Factor Reference Fuel
Nitrogen Oxides (as NO2) 2.79 g/bhp-hr 230 ppmv @ 15% O2 USEPA AP-42, Table 3.2-2
Reactive Hydrocarbons (ROC) as CH4 0.39 g/bhp-hr 92 ppmv @ 15% O2 USEPA AP-42, Table 3.2-2
Carbon Monoxide (CO) 1.84 g/bhp-hr 248 ppmv @ 15% O2 USEPA AP-42, Table 3.2-2
Sulfur Dioxide (SO2) 0.0005 g/bhp-hr 0.03 ppmv @ 15% O2 Scarborough LNG specification, 1 ppm S
Particulates (as PM10) 0.033 g/bhp-hr 0.0023 grains/dscf USEPA AP-42, Table 3.2-2
Carbon Dioxide (CO2) 363 g/bhp-hr 3.1% percent volume USEPA AP-42, Table 3.2-2

99% gasified LNG / 
1% CA diesel (by 
weight)

99% gasified LNG / 
1% CA diesel (by 
weight)

100% gasified LNG



 



Appendix G3-2
FSRU Startup Emissions - Vessels

Duration of 
Operation 

Weekly 
Roundtrips

Duration 
in Area Emission Rate (lb/hr) Total Emissions (tons)

Vessel (weeks) (RT/week) Area (hr/RT) CO NOx PM10 PM2.5 ROC SO2 CO NOx PM10 PM2.5 ROC SO2

Tug/Supply 9 1 DW 1 15.7 16.7 0.9 0.9 3.3 0.1 0.071 0.075 0.0041 0.0041 0.015 0.0005
FW1 1 26.6 28.3 1.5 1.5 5.7 0.17 0.12 0.13 0.0068 0.0068 0.026 0.0008
FW2 5 5.4 5.6 0.31 0.31 1.1 0.035 0.12 0.13 0.0070 0.0070 0.025 0.0008

Crewboat 9 6 DW 1 1.25 1.2 0.072 0.072 0.24 0.0078 0.034 0.032 0.0019 0.0019 0.006 0.0002
FW1 1 2.5 2.6 0.14 0.14 0.51 0.016 0.068 0.070 0.0038 0.0038 0.014 0.0004
FW2 5 0.37 0.33 0.02 0.02 0.067 0.002 0.050 0.045 0.0027 0.0027 0.009 0.0003

TOTAL 0.46 0.48 0.026 0.026 0.095 0.003



 


	Appendix G3Air Quality - FSRU Startup Emissions
	G3-1 FSRU Startup Emission Summary Tables
	Appendix G3-2 FSRU Startup Emissions - Vessels



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




